Radioisotopic angiocardiography has been performed in 120 patients after the intravenous injection of 99mTc pertechnetate. A 
Aortopulmonary window surgery
Congenital heart disease Mitral valve insufficiency or stenosis tion camera Superior caval obstruction Variable time-lapse videoscintiscope in performing intravenous radioisotopic angiocardiography has been described in a variety of cardiac disorders, including pericardial effusion,2 superior caval obstruction,3 right ventricular tumor,4 mitral stenosis and/or insufficiency,5 sinus of Valsalva aneurysm,6 aneurysms of the left ventricle and aorta,7 septal defects,7 and ventricular hypertrophy. 7 Experience with additional patients, including many with other diseases of the heart and great vessels, availability of surgical confirnation, and the opportunity to perform serial postoperative studies have reinforced the early favorable impressions of the diagnostic power, accuracy, and simplicity of the method. November 15, 1970 . Of these, 23 patients have been studied both before and after surgical treatment. The disease categories and frequency with which specific lesions were found are indicated in table 1. Selection of patients was arbitrary and was based on such factors as daily angiographic case load, lesion under special investigation at any given time, availability of the patient for preoperative and postoperative study, age, and availability of patent veins. Both ambulatory and hospitalized subjects were studied, and there was no selection by sex. Patients varied in age from 1 month to 81 years. The test was performed on 11 children under 10 years of age with known or suspected congenital heart disease.
The clinical diagnoses were in all instances established or confirmed by other diagnostic procedures, including phonocardiography, echocardiography, cardiac catheterization, roentgenography, and contrast cineangiocardiography. In many cases, direct confirmation of the diagnosis was made by visual and manual inspection at the time of open heart surgery.
The scintillation camera with our accessory variable time-lapse recording, display, and scintiphotographic system (VTV) has been described previously. ' The system allows for the recording, display, replay, and photographing of dynamic events for selected time periods and also permits the enhancement, suppression, or deletion of any portion of the record. Adults were usually studied while seated. 
Results

General Comment
The procedure was easy to perform, was accomplished with minimal discomfort and inconvenience, required the presence of the patient in the Nuclear Medicine unit for a short period of time (10-30 min ), and was not accompanied by any discernible immediate or delayed toxic reactions. The duplicability of the procedure was excellent (e.g., see fig. 3 , below). Occasionally, partial extravasation of a bolus occurred. If so, the injection site was massaged gently and compressed, and a different vein was chosen for a second attempt. Under these circumstances, the radiation dosage at the injection site and to the whole body are increased, but because of the rapid absorption of pertechnetate from soft tissues, the radiation hazard to the subject was still judged to be acceptably low.
Atrial Septal Defect (ASD)
This lesion was observed in 10 patients, and the scintiphotographic pattern in each was similar. A characteristic set of abnormalities was identified which provides the basis for an accurate diagnosis.
The scintiphotographic criteria for left-toright intracardiac shunt at the atrial level stem from the fact that the radioactive blood, once it enters the left atrium on its first pass through the heart, in part is diverted through the septal defect and reappears in the right atrium, thereby initiating a continuous, recycling process. Thus, in atrial septal defect all four heart chambers and the lungs are concomitantly visualized. To make certain that the right atrium is clearly identified the angiographic study should be performed in both anterior and oblique positions. A typical study is presented in figure 1 . In ASD the following scintiphotographic findings may be noted:
1 Our results indicate a high sensitivity of the method with respect to shunt magnitude. No failures of angiographic diagnosis have been observed in proven cases. The smallest visualized left-to-right shunt in the series studied was not demonstrable by 02-saturation changes but was detected by hydrogen electrode studies performed during cardiac catheterization. Shunts associated with a calculated pulmonary-to-systemic flow ratio of only 1.2 have been readily visualized. The largest shunt was associated with a pulmonaryto-systemic flow ratio of 3:1.
The outstanding diagnostic angiographic features after successful surgical treatment are the prompt disappearance of the "smudge" pattern, normal right atrial emptying, and the ready visualization of an isolated left ventricular-aortic phase with normal circulation time. figure 8 . In another patient suspected of having a ruptured Figure 7 Mitral insufficiency, oblique position, before and 6 weeks after operation. Preoperatively note large LA and LV (frames 2 to 5), poor delineation of aorta, prolonged visualization of left heart chambers with relatively equal intensity of activity in LV and LA. Postoperatively note smaller heart generally, enlarged but smaller LA, greatly reduced size of LV cavity, and normal aorta. aneurysm of the interventricular septum following myocardial infarction, we documented the presence of the aneurysm in the suspected location, but showed that the septum was intact ( fig. 9 ).
Aortic Insufficiency
This lesion, illustrated by a typical example in figure 10 , has been present in six of the patients studied and is characterized by the following angiographic features:
1 beat by beat, often seen on the television screen as the heart repeatedly empties and overfills by regurgitation. The beneficial effects of surgical replacement of diseased valves on size of the heart chamber, ventricular emptying, and circulation time may often be seen dramatically in Figure 1 1 Aortic insufficiency and mitral insufficiency, oblique position, before and 1 week after operation. Preoperatively note very large heart (frame 4), prolonged circulation time, very large LV, large LA, and wide aorta (frames 2 and 3). Postoperatively (mitral and aortic valve replacement) note striking decrease in heart size, especially the LV, persistent enlargement of LA which empties better (frames 2 and 3), improved circulation time. The width of the septal region (frame 4, arrow) suggests that LV hypertrophy is present, made manifest by the elimination of LV dilatation. the early postoperative period ( fig. 10 and   11 ).
Aortic Stenosis
In pure aortic stenosis, which has been present in six patients, the following angiographic signs, illustrated by the example in figure 12 , have been noted: In long-standing diastolic hypertension, such as may occur in chronic renal disease, the characteristic angiographic abnormality is left ventricular hypertrophy as shown by criteria in 2 for aortic stenosis.
Idiopathic Myocardopathy
We studied two patients in whom a final diagnosis of idiopathic myocardopathy ap pears to be justified after extensive testing failed to reveal other specific causes for cardiac failure. The radioisotopic angiocardio- 13. The following abnormalities were noted:
1. Dilatation of all four cardiac chambers. The successful demonstration of an aneurysm of the sinus of Valsalva, with postoperative assessment of its repair has been documented in a separate report.Y Figure 13 Idiopathic myocardopathy, anterior and oblique positions. Note profound prolongation of circulation time, massive cardiomegaly involving all four heart chambers (e.g., frame 3, L.AO.), and absence of signs of left-to-right shunt (frame 3, anterior, and frame 2, L.A.O.).
Superior Caval Obstruction Figure 16 illustrates the striking findings seen in this disorder, namely:
1. Demonstration of collateral thoracic veins carrying the radioactive bolus downward past the heart into the subdiaphragmatic region. 2. Absence of filling of the superior vena cava.
3. Late filling of the heart, apparently via inferior vena cava. 4 . Prolongation of total circulation time, but normal right heart-to-aorta circulation time.
An unusual case associated with pericardial effusion has been studied in our laboratory and presented elsewhere. Figure 15 Aneurysm of descending aorta, oblique position, before and 1 week after operation. Preoperatively note saccular aneurysm of descending aorta (X, frames 3 to 5) at or near takeoff of left subclavian artery (S, frame 2), RC and LC = right and left common carotid arteries, respectively. Postoperatively (excision and repair of traumatic aneurysm), the aneurysm can no longer be seen; there is an increase in width of the aorta proximal to the site of repair (frames 2 and 3). and safety, permits a diagnostically useful integration of information for longer periods and offers the opportunity for quantitative analysis of data when suitable accessory equipment is employed. Thus, use of the method has permitted the quantitative assessment of a number of hemodynamic functions, such as cardiac output,9 chamber size,10-12 and transit times.13-'5 It is likely that in the near future additional radioisotopic methods will be developed which will permit the rapid quantitation of intracardiac shunts, stroke volume, myocardial contractility, and coronary blood flow.
The intravenous radioisotopic technique herein described does not lend itself to the study of patients with coronary artery disease. However, such patients may be studied by radioisotopic methods, if after coronary artery catheterization, a radiopharmaceutical is injected directly into the catheter. For such a purpose studies have been performed after the intracoronary injection of macroaggregated albumin labeled with 131I,16-18 or with 99mTc;l8, 1" the static type scintiphotographs obtained reflected the distribution of the labeled microemboli in the heart muscle. Poe'8 reported that the injection of even very small amounts of such protein (0.01-0.5 mg) almost invariably adversely affected flow and muscular contractility, while Ashburn and associates'9 and Endo and co-workers17 noted no untoward effects. In preliminary experiments on dogs we have successfully used the VTV system' and O9mTc pertechnetate to visualize the coronary bed and measure ventricular wash-out clearance rates of this radiopharmaceutical. Similar data have been attained in dogs after the injection of 333Xe with a different imaging and recording system.20 There is no reason to doubt that one can make similar measurements in man and thus avoid the possible hazards of intracoronary injection of particulate matter. For safety and convenience, the radioisotopic equipment should be in very close proximity to the X-ray angiographic facility.
In general, we recommend that radioisotopic angiocardiography be performed as a 
